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SYSTEM AND METHOD FOR COOLING
ELECTRIC VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) the
benefit of Korean Patent Application No. 10-2014-0175974,
filed on Dec. 9, 2014 1n the Korean Intellectual Property
Oflice, the entire contents of which are incorporated herein
by reference.

BACKGROUND

(a) Technical Field

The present mnvention relates to a system and method for
cooling an electric vehicle, and more particularly, to an
arrangement for improving efliciency of a cooling system
and reducing power consumption by automatically control-
ling a speed of a fan of a radiator and a driving speed of an
clectronic water pump.

(b) Description of the Related Art

Generally, an electric vehicle has been developed for the
purpose of reducing air pollution and replacing limited fluid
energy with a new energy source which drives a motor with
power of a battery to assure drivability of a predetermined
vehicle speed or more.

The electric vehicle 1s configured to include a battery
which generates electric energy and a motor driving system
which supplies electric energy generated from the battery to
the motor.

The motor driving system of the electric vehicle 1s con-
figured to include an 1nverter, a converter, a motor control
unit, a motor, an on-board charger (OBC), power conversion
components, etc., 1n which the power conversion compo-
nents are equipment which generates high temperature heat,
the OBC generates heat at the time of charging and the
inverter, the converter, the motor control unit, and the motor
generate heat while dnving and at the time of operating
clectronic parts.

The heat generation adversely aflects performance and
lifespan of the power conversion components and therefore
includes a cooling system to solve a problem of heat
generation.

As the related art, there are technologies of determining
an output tlow rate value of an electronic water pump using
a plurality of temperature sensors 1n electronic devices and
preventing insuilicient cooling of the electronic devices,
controlling an operation of an electric pump using a motor
control unit, controlling an operation of the motor to dis-
perse a load applied to the existing main control unit, and
when the electric pump 1s not controlled by the motor
control unit, controlling the electric pump using the main
control unait.

Existing technologies provide cooling control but do not
consider a problem of increasing power consumption due to
overcooling.

SUMMARY

An aspect of the present mnvention provides a system and
method for cooling an electric vehicle capable of improving,
a cooling efficiency and reducing power consumption by
automatically controlling a speed of a cooling fan of a
radiator and a driving speed of an electronic water pump by
calculating a required cooling water flow rate and a required
air tlow rate.
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2

According to an exemplary embodiment of the present
invention, a system for cooling an electric vehicle including
a power conversion component, a motor, a radiator, an
clectronic water pump, and a cooling unit cooling the power
conversion component, includes: an air conditioning unit
configured to interlock with the cooling unmit to perform air
conditioning of the vehicle; a temperature sensor configured
to sense a temperature of air in the air conditioning umit; a
cooling water temperature sensor configured to sense a
temperature of cooling water flowing in the cooling unmit; and
a cooling control controller configured to calculate a tar-
geted air tlow rate and a targeted cooling water flow rate to
control the cooling of the cooling unait.

The system may further include: a wind velocity sensor
configured to sense a wind velocity of air entering the air
conditioning unit.

The wind velocity sensor may be disposed at an input
terminal of the air conditioning unit.

The temperature sensor may be disposed at an input
terminal of the air conditioning unit.

The temperature sensor may be disposed between the air
conditioning unit and the radiator.

The cooling water temperature sensor may include: a first
cooling water temperature sensor configured to be disposed
at an mput side of the radiator; and a second cooling water
temperature sensor configured to be disposed at an output
side of the radiator.

The cooling water temperature sensor may include: a first
cooling water temperature sensor configured to be disposed
at an output side of the electronic water pump; and a second
cooling water temperature sensor configured to be disposed
at an output side of the motor.

The cooling control controller may use property values of
cooling water at an inlet side of the radiator, a temperature
difference between the inlet side and an outlet side of the
radiator, and a heat value of the power conversion compo-
nent to calculate the targeted cooling water flow rate, such
that when a temperature of the power conversion component
1s equal to or more than a preset safety temperature and the
vehicle 1s 1n a dniving mode, the cooling control controller
may determine an RPM of the electronic water pump
depending on the targeted cooling water flow rate.

The cooling control controller may calculate the targeted
air flow rate to control a level of the fan of the radiator
depending on the targeted air flow rate, when a current RPM
of the electronic water pump 1s a maximum value or a
temperature of the cooling water at the outlet side of the
radiator 1s equal to or more than a maximum required
temperature.

The cooling control controller may use property values of
the cooling water of the inlet side of the radiator, a wind
velocity and a temperature of air entering the air condition-
ing unit, a temperature of the cooling water of the 1nlet side
of the radiator, and the heat value of the power conversion
component to calculate the targeted air flow rate.

The cooling control controller may use the property
values of the cooling water of the inlet side of the radiator,
an intermediate temperature between the radiator and the air
conditioning unit, a heat value of the power conversion
component, and a temperature of the cooling water at the
inlet side of the radiator to calculate the targeted air tlow
rate.

The cooling control controller may set the level of the fan
of the radiator to be a first level when the current RPM of the
clectronic water pump 1s the maximum value or the tem-
perature of the cooling water of the outlet side of the radiator
1s equal to or more than a maximum required temperature
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and then sets a level of the fan of the radiator to be a second
level when the temperature of the power conversion com-
ponent or the cooling water of the outlet side of the radiator
1s 1ncreased.

According to another exemplary embodiment of the pres-
ent mnvention, a cooling method of a system for cooling an
clectric vehicle including an air conditioning unit, a power
conversion component, a motor, a radiator, and an electronic
water pump and including a cooling unit to cool the power
conversion component, may include: determining whether a
temperature ol the power conversion component 1s equal to
or more than safety temperature and a vehicle 1s 1n a driving
mode condition, calculating a targeted cooling water flow
rate when a temperature of the power conversion component
1s equal to or more than the safety temperature and the
vehicle 1s 1n the driving mode condition to control a driving,
of the electronic water pump depending on the targeted
cooling water tlow rate; and controlling a fan of the radiator
when the electronic water pump 1s maximally driven or a
temperature of cooling water at an outlet side of the radiator
1s equal to or more than a maximum required temperature.

The controlling of the fan of the radiator may include:
using property values of cooling water of an inlet side of the
radiator, a wind velocity and a temperature of air entering,
the air conditioning umt, a temperature of cooling water of
the inlet side of the radiator, and a heat value of the power
conversion component to calculate the targeted air flow rate;
and controlling a level of the fan of the radiator using the
targeted air flow rate.

The controlling of the fan of the radiator may include:
using property values of the cooling water of the inlet side
of the radiator, an intermediate temperature between the
radiator and the air conditioning unit, a heat value of the
power conversion component, and a temperature of the
cooling water at the 1nlet side of the radiator to calculate the
targeted air flow rate; and controlling a level of the fan of the
radiator using the targeted air tlow rate.

The controlling of the fan of the radiator may include:
determining whether a current RPM of the electronic water
pump 1s a maximum value or a temperature of cooling water

at an outlet side of the radiator 1s equal to or more than a
maximum required temperature; setting a level of the fan of
the radiator to be a first level when the current RPM of the
clectronic water pump 1s the maximum value or the tem-
perature of the cooling water at the outlet side of the radiator
1s equal to or more than the maximum required temperature;
and setting the level of the fan of the radiator to be a second
level when the temperature of the power conversion com-
ponent or the temperature of the cooling water at the outlet
side of the radiator 1s increased.

A non-transitory computer readable medium containing
program instructions executed by a processor, may include:
program 1instructions that determine whether a temperature
ol a power conversion component 1s equal to or more than
a safety temperature and a vehicle 1s 1n a driving mode
condition; program 1nstructions that calculate a targeted
cooling water flow rate when the temperature of the power
conversion component 1s equal to or more than the safety
temperature and the vehicle 1s 1 the driving mode condition
to control a driving of an electronic water pump depending,
on the targeted cooling water flow rate; and program 1nstruc-
tions that control a fan of a radiator when the electronic
water pump 1s maximally driven or a temperature of cooling,
water at an outlet side of the radiator 1s equal to or more than
a maximum required temperature.
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4
BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The above and other objects, features and advantages of
the present mvention will be more apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings.

FIG. 1 1s a configuration diagram of a system for cooling
an electric vehicle according to a first exemplary embodi-
ment of the present invention;

FIG. 2 1s a configuration diagram of a system for cooling
an electric vehicle according to a second exemplary embodi-
ment of the present invention;

FIG. 3 1s a configuration diagram of a system for cooling
an electric vehicle according to a third exemplary embodi-
ment of the present invention;

FIG. 4 15 a configuration diagram of a system for cooling
an electric vehicle according to a fourth exemplary embodi-
ment of the present invention;

FIG. 5 1s a graph 1illustrating cooling control conditions
according to the present ivention;

FIG. 6 1s a flow chart 1llustrating a cooling control method
of the system for cooling an electric vehicle according to the
first exemplary embodiment of FIG. 1; and

FIG. 7 1s a flow chart illustrating a cooling control method
of the system for cooling an electric vehicle according to the
third exemplary embodiment of FIG. 3.

DETAILED DESCRIPTION

Hereiatter, embodiments of the present invention will be
described 1n detail with reference to the accompanying
drawings so that those skilled in the art may easily practice
the present invention.

It 1s understood that the term ““vehicle” or “vehicular” or
other similar term as used herein 1s inclusive of motor
vehicles 1 general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercrait including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
clectric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels dentved from resources other than petroleum). As
referred to herein, a hybrid vehicle 1s a vehicle that has two
or more sources ol power, for example both gasoline-
powered and electric-powered vehicles.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “the” are mtended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used 1n this specification, specily the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
Throughout the specification, unless explicitly described to
the contrary, the word “comprise” and variations such as
“comprises” or “comprising”’ will be understood to 1mply
the inclusion of stated elements but not the exclusion of any
other elements. In addition, the terms “unmit”, “-er”, “-or”,
and “module” described 1n the specification mean units for
processing at least one function and operation, and can be
implemented by hardware components or software compo-

nents and combinations thereof.
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Further, the control logic of the present invention may be
embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller or the like.
Examples of computer readable media include, but are not
limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, tloppy disks, flash drives, smart cards and optical
data storage devices. The computer readable medium can
also be distributed in network coupled computer systems so
that the computer readable media 1s stored and executed in
a distributed fashion, e.g., by a telematics server or a

Controller Area Network (CAN).

The present invention discloses a control technology of
using a single radiator and electronic water pump to eflec-
tively cool power conversion components in a drniving
system of an electric vehicle which 1s configured to include
an 1nverter, a motor, a motor control unit, an on-board
charger (OBC), and related components.

Further, the present invention discloses a cooling control
technology based on a thermal equilibrium concept that a

heat absorption amount of power parts 1s equal to a heat
generation amount of the fan of the radiator.

Hereinafter, exemplary embodiments of the present

invention will be described in detail with reterence to FIGS.
1to 7.

FIG. 1 1s a configuration diagram of a system for cooling
an electric vehicle according to a first exemplary embodi-
ment of the present invention. The system for cooling an
clectric vehicle according to the first exemplary embodiment
calculates an actual heat value of a radiator by subtracting a
heat value of an A/C condenser 10 from cooling capacity
between the A/C condenser 10 and a radiator 1. In particular,
the system for cooling an electric vehicle according to the
first exemplary embodiment of the present invention uses
the heat value of the A/C condenser 10 to calculate cooling
capacity at an air side of the radiator 1 and cooling capacity
at a cooling water side thereof.

To this end, the system for cooling an electric vehicle
according to the first exemplary embodiment of the present
invention includes a cooling unit 8, a battery 9, an air
conditioning unit 13, a cooling water temperature sensor 14,
a wind velocity sensor 17, an outdoor temperature sensor 18,
a refrigerant temperature sensor 19, a cooling fan controller
15a, an electronic water pump controller 155, and a cooling
control controller 161.

The cooling unit 8 includes a radiator 1, a cooling fan 2,
a reservolr 3, an electronic water pump 4, a power converter
5, a motor 6, and an on-board charger (OBC) 7.

The radiator 1 refers to a pipe in which cooling water
circulating a circumierence of an engine 1s cooled by a tlow
of arr.

The cooling fan 2 1s connected to the radiator 1 and thus
an 1mpeller thereof 1s turned to move gas such as air and
draw the air into a heat sink to help the radiator 1 to cool
cooling water.

The reservoir 3 1s a cooling water tank and has a prede-
termined amount of cooling water remaining therein. The
clectronic water pump 4 1s a pump for forcibly circulating
the cooling water.

The power converter 5 1s an electronic power control unit
(EPCU) which controls electricity and includes an 1nverter,
a converter, a motor control unit, a high voltage divider, and

the like.
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6
The motor 6 drives an electric vehicle.

The OBC 7 1s an on-board charger and serves to charge

the battery 9.

The battery 9 charges or discharges electricity.

The air conditioning unit 13 controls an air conditioner
and a heater to control cooling, heating, dehumidification,
and the like inside the vehicle, thereby maintaining an
indoor space of the vehicle at desired temperature settings.
The air conditioming umt 13 includes an A/C condenser 10,
an evaporator 11, and a full automatic temperature control
(FATC) 12.

The A/C condenser 10 condenses air along with the
cooling fan 2.

The evaporator 11 1s equipment which 1s 1njected with a
liquid refrigerant reduced to low temperature and low pres-
sure to exchange heat with a surrounding space or a cooled
object so as to perform Ireezing with heat absorption by
liquid evaporation.

The FATC 12 1s an auto temperature control apparatus and
automatically controls an mntlow state of an air flow direc-
tion, an air flow rate, indoor temperature, and outdoor
temperature to maintain an indoor space at desired tempera-
ture settings independent of an outdoor state.

The cooling water temperature sensor 14 senses a tem-
perature of cooling water mput to the radiator 1 and a
temperature of cooling water output from the radiator 1. To
this end, the cooling water temperature sensor 14 1s provided
at an inlet and an outlet of the radiator 1.

The wind velocity sensor 17 senses a wind velocity of air
input from the outside and the outdoor temperature sensor
18 senses an outdoor temperature of air input from the
outside. To this end, the wind velocity sensor 17 and the
outdoor temperature sensor 18 are disposed in front of the
A/C condenser 10 to sense the wind velocity and tempera-
ture of air prior to passing through the A/C condenser 10.

The refrigerant temperature sensor 19 1s disposed at the
inlet and the outlet of the A/C condenser to sense a tem-
perature of a refrigerant input to the A/C condenser 10 and
a temperature of a refrigerant output therefrom.

The cooling fan controller 15a controls a driving of the
cooling fan 20 under the control of the cooling control
controller 161.

The electronic water pump controller 156 controls a
driving of the electronic water pump 4 under the control of
the cooling control controller 161.

The cooling control controller 161 determines whether a
current temperature of the power conversion component 5 1s
equal to or more than a safety temperature and if 1t 1s
determined that the current temperature 1s equal to or more
than the safety temperature, determines whether a current
vehicle 1s 1n a dniving mode. Then, 11 1t 1s determined that the
vehicle 1s not 1 the driving mode, the cooling control
controller 161 sets an RPM of the electronic water pump 4
to be a minimum value to minimally drive the electronic
water pump 4. Meanwhile, when the vehicle 1s 1n the driving
mode, the cooling control controller 161 calculates a heat
value Q,_ . . . _ ol the power conversion component 5.

Further, when the temperature of the power conversion
component 3 1s equal to or more than the preset safety
temperature and the vehicle 1s in the dniving mode, the
cooling control controller 161 wuses property values
€, qiiators(Cp P )in.air 01 the cooling water of an inlet side of a
radiator, a temperature diflerence between an inlet side and
an outlet side of the radiator, the heat value Q,__. . . _ of the
power conversion component, and a heat value Q__, ., of
the condenser to calculate the targeted cooling water flow
rate
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V rad.in.air A0d determines the RPM of the electronic water
pump depending on a targeted cooling water tlow rate.

In this case, the targeted cooling water tlow rate V,,
1s calculated based on the following Equation 1.

ad,jn,aiy

QHeat value [Equatiﬂn 1]

(CP ] p)ﬁ'gd,jn,wmgr ] (Tﬁad,in,warfr - Tﬁad,ﬂm,wﬂrﬁ)

3
Vﬁ'ad,in,wﬁrfr[m /S']

In the above Equation 1, C, means specific heat in a unit
of I/’kg-K and p means a density in a unit of kg/m3, 1n which
the specific heat and the density value may use preset
experiment values as property values of the radiator.
T gadin.air Water means the temperature of cooling water at
the inlet side of the radiator and Tg,,,,, ., means the
temperature of cooling water at the outlet side of the
radiator.

Further, when the current RPM of the electronic water
pump 1s a maximum value or the temperature of the cooling,
water at the outlet side of the radiator 1s equal to or more
than a maximum required temperature, the cooling control
controller 161 calculates the targeted air flow rate to control
a level of the fan 2 of the radiator 1 depending on the

targeted air flow rate. In this case, the targeted air flow rate
V , 1s calculated based on the following Equation 2.

IR ALV SO

OHeat value [Equation 2]

— Vin,air, goal
+ Tfn,air]}

The heat value Q,_ . . means a heat value, the heat
value Q__ . _ 1s a condenser heat value, Tin, air means the
outdoor temperature, the V,, .. means the wind velocity, the
1 Rt i wazer Means the temperature ot the cooling water at
the inlet side of the radiator, and the C, means the specific
heat, and the p means the density.

FIG. 2 1s a configuration diagram of a system for cooling
an electric vehicle according to a second exemplary embodi-
ment of the present invention. The system for cooling an
clectric vehicle according to the second exemplary embodi-
ment directly receives air temperature information passing,
through the A/C condenser 10 to directly calculate the
cooling capacity at the air side of the radiator 1 and consider
the influence of the A/C condenser 10. In particular, the
system for cooling an electric vehicle according to the
second exemplary embodiment of the present invention uses
air temperature of the whole surface of the radiator 1 to
calculate the cooling capacity at the air side and the cooling
capacity at the cooling water side.

According to the system for cooling an electric vehicle
according to the second exemplary embodiment of the
present ivention, i FIG. 1, the temperature sensor 18 1s
positioned at an output terminal of the A/C condenser 10,
that 1s, positioned between the A/C condenser 10 and the
radiator 1 to sense the temperature of the outdoor air which
passes through the A/C condenser 10. Further, the system for
cooling an electric vehicle according to the second exem-
plary embodiment of the present invention does not include
the refrigerant temperature sensor 19.

The cooling control controller 162 calculates the targeted

cooling water flow rate based on the same Equation 1 as the

Eradiaior * (Cp 'p)in,air '

T Rad i - ( e
Rad.in water (CP . )0 " V)jn,air
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first exemplary embodiment of the present invention. How-
ever, the second exemplary embodiment of the present
invention 1s different from the first exemplary embodiment
of the present invention 1n that the targeted air flow rate 1s
calculated using an intermediate temperature Tm between
the A/C condenser 10 and the radiator 1.

The cooling control controller 162 uses the property
values €, ;,...,»(C,'p) 1n, air of the cooling water ot an 1nlet
side of a radiator, the intermediate temperature Tm between
the radiator and the air conditioning unit, the heat value of
the power conversion component, and the temperature
T radinwarer 0F the cooling water of the inlet side of the
radiator to calculate the targeted air tlow rate V,, ;. ...:

The cooling control controller 162 calculates the targeted
air flow rate based on the following Equation 3.

Qtear value |Equation 3]

3
— Vin,air‘,gﬂa! [Hl /S]

Eradiator (CP .p)fn?ﬂrfr ] {Tﬁad,in,warfr - Tm}

The rest configuration 1s the same as FIG. 1 and therefore
the detailed description thereof will be omitted.

FIG. 3 1s a configuration diagram of a system for cooling
an electric vehicle according to a third exemplary embodi-
ment of the present invention.

The system for cooling an electric vehicle according to
the third exemplary embodiment of the present invention
controls cooling 1n consideration of only the cooling capac-
ity at the cooling water side. Further, the system for cooling
an electric vehicle according to the third exemplary embodi-
ment of the present invention does not include the wind
velocity sensor 17, the temperature sensor 18, and the
refrigerant temperature sensor 19.

Similar to the cooling control controller 161, a cooling
control controller 163 calculates the targeted cooling water
flow rate based on the above Equation 1 but controls the fan
of the radiator without calculating the targeted air tlow rate.

In particular, the cooling control controller 163 deter-
mines whether the current RPM of the electronic water
pump 4 1s a maximum value or the temperature of the
cooling water at the outlet side of the radiator 1s equal to or
more than the maximum required temperature and 1if 1t 1s
determined that the current RPM of the electronic water
pump 4 1s a maximum value or the temperature of the
cooling water at the outlet side of the radiator 1s equal to or
more than the maximum required temperature, sets the level
of the fan of the radiator to be a first level and 1f 1t 1s
determined that the temperature of the power conversion
component or the temperature of the cooling water at the
outlet side of the radiator 1s increased, sets the level of the
fan of the radiator to be a second level.

The rest configuration is the same as FIG. 1 and therefore
the detailed description thereof will be omitted.

FIG. 4 1s a configuration diagram of a system for cooling
an electric vehicle according to a fourth exemplary embodi-
ment of the present invention. The system for cooling an
clectric vehicle according to the fourth exemplary embodi-
ment 1s arranged to control the cooling system in consider-
ation of only the cooling capacity at the cooling water side
and 1s an example 1n which the position of the cooling water
temperature sensor 14 1s changed when 1t may not know a
section other than the power conversion component (ePCU)
5 and the motor 6 at the time of calculating the cooling
capacity at the cooling water side and the cooling capacity
of the apparatus.
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The system for cooling an electric vehicle according to
the fourth exemplary embodiment of the present invention
has the same configuration as the system for cooling an
clectric vehicle according to the third exemplary embodi-
ment of the present invention of FIG. 3 and the system for
cooling an electric vehicle according to the fourth exemplary
embodiment of the present imvention 1s different from the
system for cooling an electric vehicle according to the third
exemplary embodiment of the present invention only 1n
terms of the position of the cooling water temperature sensor
14.

In particular, the cooling water temperature sensor 14 of
the system for cooling an electric vehicle according to the
fourth exemplary embodiment of the present invention 1s
disposed at the output terminal of the electronic water pump
4 and the output terminal of the motor 6. A cooling control
controller 164 has the same configuration as the cooling
control controller 163 and the rest configuration 1s the same
as FIG. 3 and therefore the detailed description thereof will
be omitted.

Hereinafter, the cooling control method of the system for
cooling an electric vehicle according to the first exemplary
embodiment of the present invention will be described with
reference to FIG. 6.

First, the cooling control controller 161 extracts input
parameters from values which are sensed by the wind
velocity sensor 17, the temperature sensor 18, the refrigerant
temperature sensor 19, the cooling water temperature sensor
14, and the like (S101).

The cooling control controller 161 determines whether the
temperature ol the power conversion component 1s equal to
or more than the preset safety temperature (S102).

In step S102, when the temperature of the power conver-
sion component 5 1s less than the preset safety temperature,
the cooling 1s unnecessary and therefore the cooling control
controller 161 controls the electronic water pump controller
155 to set the RPM of the electronic water pump (EWP) to
be set “0” (S103).

Meanwhile, 1 step S102, when the temperature of the
power conversion component 5 1s equal to or more than the
preset salety temperature, the cooling 1s required and there-
fore the cooling control controller 161 determines whether
the current vehicle 1s 1n the driving mode to perform the
cooling control (S104). The power conversion component 3
1s driving when the vehicle i1s in the driving mode, and
therefore the cooling control needs to be performed and the
driving of the power conversion component 5 stops when
the vehicle 1s not 1n the driving mode, and therefore the
mimmum cooling control may be performed.

In particular, 1n the case 1 which the temperature of the
power conversion component 5 1s equal to or more than the
preset safety temperature but the vehicle 1s not 1n the driving,
mode, when the vehicle 1s driven and then stops, residual
heat may remain in the power conversion component 5,
thereby performing the minimum cooling control. There-
fore, when the temperature of the power conversion com-
ponent 5 1s equal to or more than the preset safety tempera-
ture but the vehicle 1s not 1n the driving mode, the cooling
control controller 161 controls the electronic water pump
controller 1556 to set the RPM of the electronic water pump
4 to be set to the minimum value (5105).

Meanwhile, 1n step S104, when the vehicle 1s 1n the
driving mode, the cooling control controller 161 calculates
the heat value of the power conversion component 5 to
perform the cooling control (5106). In this case, the heat
value Q,_ .. ... 15 calculated as the experiment value in
advance or may be calculated by a general method.
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Next, the cooling control controller 161 calculates the
targeted cooling water tlow rate V, based on the
above Equation 1 (S107).

Next, the cooling control controller 161 uses the calcu-
lated targeted cooling water flow rate V,, ... to determine the
RPM of the electronic water pump 4 (S108).

Next, the cooling control controller 161 determines
whether the RPM of the current electronic water pump 4 1s
the maximum value or the temperature of the cooling water
at the outlet side of the radiator 1 1s equal to or more than
the maximum required temperature (5S109). In this case, as
the maximum required temperature for the temperature of
the cooling water at the outlet side of the radiator, the preset
values for each specification may be used. The case 1n which
the RPM of the electronic water pump 4 1s the maximum
value 1n step S109 means the case in which the electronic
water pump 4 1s maximally driven. In particular, when the
clectronic water pump 4 1s maximally driven or the tem-
perature of the cooling water at the outlet side of the radiator
1 1s equal to or more than the maximum required tempera-
ture, the cooling control controller 161 determines that the
cooling 1s not normally performed only by the driving of the
clectronic water pump 4 and determines the step S109 to
additionally operate the fan of the radiator 1.

When any one of the conditions 1s not satisfied 1n step
5109, the cooling control controller 161 sets the level of the
fan 2 of the radiator to be “0” so as not to drive the fan 2 of
the radiator.

On the other hand, when any one of the conditions 1s
satisfied 1n step S109, the cooling control controller 161
calculates the targeted air flow rate V based on the
above Equation 2 (S111).

The cooling control controller 161 determines the level of
the fan of the radiator using the calculated targeted air flow
rate (S112).

When the targeted air tlow rate V,, .. .,; 1s calculated in
step S111, depending on the above Equation 2 1n the first
exemplary embodiment of the present invention, the tar-
geted air flow rate 1s calculated using the wind velocity
Vi.air DY the wind velocity sensor 17 at the nlet side of the
A/C condenser 10 and the outdoor temperature Tin, air by
the temperature sensor 18 at the inlet side of the A/C
condenser 10.

However, according to the second exemplary embodi-
ment of the present invention, the targeted air flow rate
Vin.airzoar 18 €alculated using the above Equation 3 instead
of the equation 2. In particular, according to the second
exemplary embodiment of the present invention, the tar-
geted air flow rate 1s calculated using the intermediate
temperature TM between the A/C condenser 10 and the
radiator 1, istead of the wind velocity and the outdoor
temperature. In this case, the mtermediate temperature TM
1s a value measured by the temperature sensor 18 which 1s
disposed between the A/C condenser 10 and the radiator 1.

In particular, the cooling system according to the second
exemplary embodiment of the present invention may use the
intermediate temperature value passing through the A/C
condenser 10 to calculate the targeted air flow rate based on
the above Equation 3 to more accurately calculate the
targeted air flow rate 1n consideration of a heat value of the
A/C condenser 10.

Heremnafiter, the cooling control method of the system for
cooling an electric vehicle according to the third exemplary
embodiment of the present invention will be described with
reference to FIG. 7.

Steps S201 to S210 of the cooling control method of the
system for cooling an electric vehicle according to the third

ad,in,aiv
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exemplary embodiment of the present invention are the
same as steps S101 to S110 of FIG. 6 and therefore the
detailed description thereof will be omitted. Therefore, the
cooling control method will be described from step S211.

It 1t 1s determined that the current RPM of the electronic
water pump 4 1s the maximum value or the temperature of
the cooling water at the outlet side of the radiator 1 1s equal
to or more than the maximum required temperature 1n S209,
the cooling control controller 163 sets the level of the fan 2
of the radiator to be low (first level) (S211).

Next, the cooling control controller 163 determines
whether the temperature of the power conversion component
5 or the temperature of the cooling water at the outlet side
of the radiator 1s increased (S212) and 11 1t 1s determined that
the temperature of the power conversion component 5 1s
increased or the temperature of the cooling water at the
outlet side of the radiator 1s increased, sets the level of the
fan 2 of the radiator to be a high level (second level) (5214).

Here, the low level of the fan 2 of the radiator means the
first level 1s not ofl but means the first level after on and the
high level means that the second level 1s not on but means
the second level after on.

The foregoing cooling control method of FIG. 7 may also
be applied to the cooling control method of the system for
cooling an electric vehicle according to the fourth exemplary
embodiment of the present invention of FIG. 4.

As described above, the present invention discloses four
exemplary embodiments depending on the positions of the
cooling water temperature sensor, the outdoor temperature
sensor, the wind velocity sensor, and the like and each
cooling system calculates the targeted cooling water tflow
rate to control the electronic water pump and when the
clectronic water pump 1s driven at the maximum speed,
calculates the targeted air flow rate or controls the fan of the
radiator based on whether the temperature of the power
conversion component or the temperature of the cooling
water at the outlet side of the radiator 1s increased.

FIG. 5 1s a graph 1llustrating the cooling control condi-
tions according to the present invention, 1n which when the
temperature of the power conversion component 5 reaches
the satety temperature after the vehicle 1s driven, the speed
of the electronic water pump 1s increased and when the
speed of the electronic water pump 1s the maximum value,
the fan of the radiator starts to be driven. In this case, the fan
of the radiator 1s changed from the low level (first level) to
the high level (second level).

As described above, according to the exemplary embodi-
ments of the present invention, 1t 1s possible to improve the
cooling efliciency, reduce power consumption, and increase
the performance and lifespan of the power conversion
components by preventing the system for cooling an electric
vehicle from overcooling.

The exemplary embodiments of the present imvention
described above have been provided for illustrative pur-
poses. Therefore, those skilled in the art will appreciate that
various modifications, alterations, substitutions, and addi-
tions are possible without departing from the scope and
spirit of the invention as disclosed in the accompanying
claims and such modifications, alterations, substitutions, and
additions fall within the scope of the present invention.

What 1s claimed 1s:

1. A system for cooling a vehicle including a power
conversion component, a motor, a radiator, an electronic
water pump, and a cooling unit cooling the power conver-
sion component, the system comprising:

an air conditioning unit configured to interlock with the

cooling unit to perform air conditioning of the vehicle;
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a temperature sensor configured to sense a temperature of
air 1n the air conditioning unit;

a cooling water temperature sensor configured to sense a
temperature of cooling water flowing in the cooling
unit; and

a cooling control controller configured to calculate a
targeted air flow rate and a targeted cooling water flow
rate to control the cooling of the cooling unit,

wherein the cooling control controller uses property value
of cooling water at an inlet side of the radiator, a
temperature difference between the inlet side and an
outlet side of the radiator, and a heat value of the power
conversion component to calculate the targeted cooling
water flow rate, such that when a temperature of the
power conversion component 1s equal to or more than
a preset safety temperature and the vehicle 1s 1n a
driving mode, the cooling control controller determines
an RPM of the electronic water pump depending on the
targeted cooling water flow rate.

2. The system according to claim 1, further comprising:

a wind velocity sensor configured to sense a wind velocity
of air entering the air conditioning unait.

3. The system according to claim 2, wherein the wind
velocity sensor 1s disposed at an mput terminal of the air
conditioning unit.

4. The system according to claim 1, wherein the tempera-
ture sensor 1s disposed at an mput terminal of the air
conditioning unit.

5. The system according to claim 1, wherein the tempera-
ture sensor 1s disposed between the air conditioning unit and
the radiator.

6. The system according to claim 1, wherein the cooling
water temperature sensor includes:

a first cooling water temperature sensor configured to be

disposed at an 1put side of the radiator; and

a second cooling water temperature sensor configured to
be disposed at an output side of the radiator.

7. The system according to claim 1, wherein the cooling

water temperature sensor includes:

a first cooling water temperature sensor configured to be
disposed at an output side of the electronic water pump:;
and

a second cooling water temperature sensor configured to
be disposed at an output side of the motor.

8. The system according to claim 7, wherein the cooling
control controller calculates the targeted air flow rate to
control a level of a fan of the radiator depending on the
targeted air flow rate, when a current RPM of the electronic
water pump 1s a maximum value or a temperature of the
cooling water at the outlet side of the radiator 1s equal to or
more than a maximum required temperature.

9. The system according to claim 8, wherein the cooling
control controller uses the property values of cooling water
of the inlet side of the radiator, a wind velocity and a
temperature of air entering the air conditioning unit, a
temperature of cooling water of the inlet side of the radiator,
and the heat value of the power conversion component to
calculate the targeted air flow rate.

10. The system according to claim 8, wherein the cooling
control controller uses the property values of cooling water
of the inlet side of the radiator, an intermediate temperature
between the radiator and the air conditioming unit, a heat
value of the power conversion component, and a tempera-
ture of the cooling water at the inlet side of the radiator to
calculate the targeted air tlow rate.

11. The system according to claim 7, wherein the cooling
control controller sets the level of the fan of the radiator to
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be a first level when the current RPM of the electronic water
pump 1s the maximum value or the temperature of cooling
water of the outlet side of the radiator 1s equal to or more
than the maximum required temperature and then sets the
level of the fan of the radiator to be a second level when the
temperature of the power conversion component or the
cooling water of the outlet side of the radiator 1s increased.

12. A cooling method of a system for cooling a vehicle
including an air conditioming unit, a power conversion
component, a motor, a radiator, an electronic water pump,
and a cooling unit to cool the power conversion component,
the method comprising the steps of:

determining whether a temperature of the power conver-

sion component 1s equal to or more than a safety
temperature and the vehicle 1s 1n a driving mode
condition;

calculating a targeted cooling water flow rate when the

temperature ol the power conversion component 1s
equal to or more than the safety temperature and the
vehicle 1s 1n the driving mode condition to control a
driving of the electronic water pump depending on the
targeted cooling water flow rate; and

controlling a fan of the radiator when the electronic water

pump 1s maximally driven or a temperature of cooling
water at an outlet side of the radiator 1s equal to or more
than a maximum required temperature,

wherein the step of controlling the fan of the radiator

further comprises:

using property values of cooling water of an inlet side of

the radiator, a wind velocity and a temperature of air
entering the air conditioning unit, a temperature of
cooling water of the inlet side of the radiator, and a heat
value of the power conversion component to calculate
a targeted air flow rate; and controlling a level of the fan
of the radiator using the targeted air flow rate.

13. A cooling method of a system for cooling a vehicle
including an air conditioming unit, a power conversion
component, a motor, a radiator, an electronic water pump,
and a cooling unit to cool the power conversion component,
the method comprising the steps of:

determining whether a temperature of the power conver-

sion component 1s equal to or more than a safety
temperature and the vehicle 1s in a driving mode
condition;

calculating a targeted cooling water flow rate when the

temperature of the power conversion component 1s
equal to or more than the safety temperature and the
vehicle 1s 1n the driving mode condition to control a
driving of the electronic water pump depending on the
targeted cooling water flow rate; and

controlling a fan of the radiator when the electronic water

pump 1s maximally driven or a temperature of cooling
water at an outlet side of the radiator 1s equal to or more
than a maximum required temperature,

wherein the step of controlling the fan of the radiator

further comprises:

using property values of cooling water of an inlet side of

the radiator, an intermediate temperature between the
radiator and the air conditioning unit, a heat value of
the power conversion component, and a temperature of
cooling water at the inlet side of the radiator to calcu-
late a targeted air flow rate; and

controlling a level of the fan of the radiator using the

targeted air flow rate.
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14. A cooling method of a system for cooling a vehicle
including an air conditioning unit, a power conversion
component, a motor, a radiator, an electronic water pump,
and a cooling unit to cool the power conversion component,
the method comprising the steps of:

determining whether a temperature of the power conver-

sion component 1s equal to or more than a safety
temperature and the vehicle 1s in a driving mode
condition;

calculating a targeted cooling water flow rate when the

temperature ol the power conversion component 1s
equal to or more than the safety temperature and the
vehicle 1s 1 the driving mode condition to control a
driving of the electronic water pump depending on the
targeted cooling water flow rate; and

controlling a fan of the radiator when the electronic water

pump 1s maximally driven or a temperature of cooling
water at an outlet side of the radiator 1s equal to or more
than a maximum required temperature,

wherein the step of controlling the fan of the radiator

further comprises:

determiming whether a current RPM of the electronic

water pump 1s a maximum value or a temperature of
cooling water at an outlet side of the radiator 1s equal
to or more than a maximum required temperature;
setting a level of the fan of the radiator to be a first level
when the current RPM of the electronic water pump 1s
the maximum value or the temperature of the cooling
water at the outlet side of the radiator 1s equal to or
more than the maximum required temperature; and
setting the level of the fan of the radiator to be a second level
when the temperature of the power conversion component or
the temperature of the cooling water at the outlet side of the
radiator 1s 1ncreased.

15. A non-transitory computer readable medium contain-
ing program instructions executed by a processor, the com-
puter readable medium comprising:

program 1nstructions that determine whether a tempera-

ture ol a power conversion component 1s equal to or
more than a safety temperature and a vehicle 1s 1n a
driving mode condition;

program 1nstructions that calculate a targeted cooling

water flow rate when the temperature of the power
conversion component 1s equal to or more than the
safety temperature and the vehicle 1s 1n the driving
mode condition to control a driving of an electronic
water pump depending on the targeted cooling water
flow rate: and

program instructions that control a fan of a radiator when

the electronic water pump 1s maximally driven or a
temperature of cooling water at an outlet side of the
radiator 1s equal to or more than a maximum required
temperature,

wherein the program instructions that control the fan of

the radiator further include;

program 1instructions that use property values of cooling

water ol an inlet side of the radiator, a wind velocity
and a temperature of air entering the air conditioning
unit, a temperature of cooling water of the inlet side of
the radiator, and a heat value of the power conversion
component to calculate a targeted air tflow rate; and
control a level of the fan of the radiator using the
targeted air tlow rate.
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